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^ Oxvchlorination catalyst composition comprising a mixture of metallic chlorides carried on a support therefor. 
^eS^sirr^^^^ of a miure of copper chloride, magneslunn chloride and potassium 

S^e. ii^ivS;^^^^^ of ethylene to 1 ^Kjichloroethane using such a catalyst composition. 
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OXYCHLORINATION CATALYST COMPOSITION AND AN OXYCHLORI NATION PROCESS USiNQ IT 



The present Invention relates to an oxychlorination catalyst composition and to an oxychlonnatlon 
process which uses such a catalyst composition. 

The oxychlorination of ethylene to produce 1 , 2 -dichloroethane is a well-ltnown process In the prior art. 
The process nomnally involves reacting ethylene with hydrogen chloride and an oxygen-containing gas 
(usually air or oxygen). The oxychlorination of ethylene is customarily performed in the presence of a 
catalyst comprising a copper compound, usually copper chloride (CuCb), deposited on a particulate support 
therefor. The catalyst composition, i.e. the catalyst Itself and its support material, can be in the form of a 
fixed bed of particles or (as is now quite usual) a fluldised bed of particles during the reaction. The 
particulate support is frequently alumina, although other minerals such as silica gel. pumice, clay, and 
diatonriaceous earth have been suggested In the literature. 

The use of copper chloride alone as the catalyst is known to be disadvantageous since this material Is 
quite volatile at the oxychlorination reaction temperatures employed leading to a loss of catalyst activity 
over a period of time, particulariy when the material is used In a fluidlsed bed reactor. 

II is well known to improve the effectiveness of supported copper chloride in oxychlorination reactions 
by the addition of various alkali metal compounds, alkaline earth compounds and rare earth compounds 
(usually their chlorides) to the catalyst composition. Thus It has long been known to ameliorate the volatility 
problem of copper chloride by using it in conjunction with potassium chloride or sodium chloride. US 
4069170 discloses a supported oxychlorination catalyst (for use in fluidised-bed reactors) containing copper 
chloride in which the further problem of catalyst agglomeration or caking is avoided by the additional 
inclusion in the catalyst composition of didymium and lanthanum chlorides. US 3624170 describes an 
oxychlorination catalyst composition consisting of copper chloride, sodium chloride and magnesium chloride 
(In specified ratios) on an inert porous carrier which is said to additionally overcome the problem of catalyst 
deactivation by contamination thereof by absorbed FezCfe when iron-type reactors (e.g. made of stainless 
steel) are employed for the oxychlorination process (as is quite usual). EP-A-0255156 describes an 
oxychlorination catalyst composition consisting of copper chloride, magnesium chloride, and sodium and/or 
lithium chloride (in specified ratios) deposited on alumina which is sard to additionally overcome the 
corrosion effects suffered when using steel reactors for the oxychlorination process, caused by catalyst 
adherence and agglomeration on the reactor walls, and also to result in signiflcantiy Improved catalyst 
activity and product yield. 

We have now discovered a new and highly effective oxychlorination catalyst composition for the 
production of 1. 2 ^ichloroetiiane from ethylene in which there is a synergistic contribution from at least 
two of its constituents. 

According to the present invention theire is provided an oxychlorination catalyst composition comprising 
a mixture of metallic chlorides carried on a support therefor, wherein said mixture of metallic chlorides 
consists essentially of a mixture of copper chloride, magnesium chloride, and potassium chloride. 

There is also provided a process for tiie oxychlorination of ethylene to 1 .2-dichloroethane (EDO) in 
which the oxychlorination reaction is pertorrried using an oxychlorination catalyst composition comprising a 
mixture of metallic chlorides . carried on a support tfierefor, wherein said mixture of metallic chlorides 
consists essentially of a mixture of copper chloride, magnesium chloride, and potassium chloride. 

A metallic chloride(s) may be present in the catalyst composition of the invention ab initio (i.e. by 
employing tine actual metallic chloride(s) for the preparation of the composition) or may be present as a 
result of employing a compound(s) which Is (are) converted to the metallic chk)ride(s) under the reaction 
conditions of the oxychlorination process. 

The metallic chlorides of the oxychlorination catalyst composition are preferably incorporated to provide 
amounts of Cu, Mg and K metals at tiie following levels (% by weight based on tiie weight of the .total 
catalyst composition, i.e. including the support and the mixture of metallic chlorides): 
Cu: 3 to 9%, more preferably 4 to 8% 
Mg: 0.2 to 3%, more preferably 0.2 to 1 .5% 
K: 0.2 to 3% more preferably 0.5 to 2.0% 

The metallic chlorides of the catalyst composition will preferably provide a Cu:Mg:K atomic ratio of 
1 :0.1 -1 .0:0.1-1 .0. more preferably 1 :0.2-0.9:0.2-0.9. 

One of the most important features of the oxychlorination reaction is tiie selectivity of tiie EDC 
formation from ethylene, this being a measure of how much reacted etiiylene has actually been converted 
to EDC rati)er than to by-products , such as CO and CO2. Selectivity to EDC formation tends to decrease 
with increasing conversion of ethylene (i.e. the % of ethylene undergoing reaction irrespective of what 
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products are formed) and it is highly desirable to optimise this selectivity at any level of ethylene 
conversion. This is especially relevant opposite the growing use of ethylene recycle reactor systems in 
which unreacted ethylene is recycled to the reactor. ^ i„.„^«„ ^if*, 

We have now discovered that in the oxychlorlnation catalyst composition of the invention which 
6 comprises a mixture of irietalllc chlorides consisting essentially of the three metallic chlorides as defined. 
A the magnesium chloride (MgCb) and the potassium chloride (KCI) constiti^ts thereof su;pns.ngly art 

synergistically in the oxychlorination reaction to significantly Improve the selectivity of the EDC formation 

from ethylene^^_ essentially" we mean that the metallic chloride mixture either contains no ottier metallic 
chloride(s) apart from those specified (the usual case) or only contains other metallic chlonde(s) in an 
^JSIJIS^II have no tangfble effect on the periom,ance of the <''^«f "^^^^^^ 

The merit of using potas^um chloride as a burning suppression agent, i.e. a matenal which suppresses 
the ^ur^^- Of ethylene to fom, waste products (e.g. CO. CO.) instead of the ^^^^^^d^^^D^ 
eSabHshed Magnesium chloride has similar properties but is less effective. S"rpnshjghr. ti^e ^mblned 
eSrt of the two constituents In the oxychlorination catalyst composition of the invention is supenor to Je 
effS Mhieled brpresence of either in isolation. Moreover, such combination of the two constituents m tfie 
SS« cS^So^tto! Swfa high burning suppression without signiflcantty decreasing the catalyst activrty 
^inS not be achiev^ by merely increasing ttie level of K ( in a composition containing no Mg) 
io achieve a comparably effective bum suppression as such a higher level of K would signrficantly decrease 

" "''':^ltX'Se''J!:J?h.orina,ion catalyst composition of the Invention has tt^e further advantage of 
tarJS SSming tlTcatelyst fluidisation or stickiness problems associated with POt"»^"'";«'"^"'"9 
SJits. the oxychlorination catalyst composition of *e 'nvention incur me deactiv^^ or 

^m>slon problems encountered when using steel reactors for ttie reaction process J'J^^^^. ^,„. ^ 

^e support material in the catalyst composition of tt» invention is preferably particulate 3'"^'"^. 
use^ata a'nX gi^ma alumina is particularly preferred. The specific surface area « -PP^;* -J J".^ 

me memuu ui H|«'h« ^..^^^^ ,„ - ^ina\B staae with an aqueous solution containing the required 

(Uldlsed »M» (•» nuidising velocrt, fr the rtn8« ol ITOn 1 » LJ" " , ^,0 to 260' CI. Tne 
55 on a weight basis. 
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Exampies CI, C2, C3, C4, and 5 
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A sample a catalyst composition, corresponding fo Example CI was prepared as follows using an 
aqueous Impregnation method. 18.78 g of CuCl2.2H20 and 6.72 g of MgCfe.eHsO were dissolved in 65 ml 
of water. The solution was added to 82 g of fluidisable gamma-type alumina support, to uniformly wet the 
support material. The wet solid was heated with stirring to produce a free flowing powder and dried for 2 
hours at 150 C in an oven.. Approximately 100 g of finished catalyst were produced with a composition 
containing 7.0% Cu and 0.80% Mg based on the weight of the total catalyst composition (i.e. support plus 
metal chlondes). and the active phase on the support had a Cu:Mg atomic ratio of 1.0:0.3. The surtace area 
of the support was 185 m*g-' and gave a finished catalyst .surface area of 120 m*g-«. 

Samples (approximately 100 g) of catalyst compositions, corresponding to Examples C2. C3 C4 and 5 
were prepared using the same technique descriiied above using the appropriate amounts and types of 
metal;chlondes (see following table). The catalyst composlUons had the following metal contents 



Ex. 


Metal Contents of Composition 


Atomic Radios in Composition 


No. 




















Cu 


Mg 


Na 


K 


Cu 


Mg 


Na 


K 


CI 


7.0 


0.80 






1.00 


0.30 






C2 


7.0 




0.76 




1.00 




0.30 




C3 


7.0 


0.40 


0.38 




1.00 


0.15 


0.15 




C4 


7.0 






1.29 


1.00 






0.30 


5 


7.0 


0.40 




0.645 


1.00 


0.15 




0.15 



Examples C6. C7. C8, C9 and 10 

The oxychlorination catalysts of the preceding examples were each tested in a glass fluidised bed 
m.icro-reactor. fed with ethylene, air and HCI and controlled at 245' C (reaction temperature). The reactor 
was operated at atmospheric pressure to give a gas superficial linear velocity of 1 .0 cm s-* and a 7 second 
gas contact time with the catalyst. The reactor vent was diluted with nitrogen to avoid condensation and 
passed tfirough a water scrubber. The products formed were analysed using chromatography and the 
uoreacted HCI was calculated from measurements of the acidity of the vented scrubber water Using 
premixed gases with a fixed dtUzOs feed ratio of approximately 1.7:1. the C2H+:HCI feed ratio w^ 
adjusted to adhieve a 98% HCI conversion. 

In particular, the "ethylene bum" in each run was determined, i.e. the % of reacted ethylene that had 
been converted to CO plus Op,: the proportion of EDO formed was also determined. The following results 
were ootainea. 



Ex. 
No. 


Source of Catalyst 
Composition 


Feed Ratio 
C2H4:HCI:02. 


% HCI Feed 
Conversion 


% Etfiylene Reaction 
Selectivity 


Burning 
CO + CO2 


EDC 


C6 


Ex C1 {Cumg) 


1.09:2.0:0.65 


98.0 


5.5 


93.9 


C7 


Ex C2 (Cu/Na) 


1.26:2.0:0.78 


97,9 


7.7 


92.1 


C8 


Ex C3 (Cu/Mg/Na) 


1.19:2.0:0.70 


98.0 


6.4 


93.4 


C9 


Ex C4 (Cu/K) 


1.19:2.0:0,70 


98.0 


5.6 


94.1 


10 


Ex 5 (Cu/Mg/K) 


1.11:2.0:0.66 


98.0 


4.9 


94.9 



It can be deduced *rom a comparison of the results that magnesium and potassium have a synergistic 
effect in the inventicMi catalyst composition in reducing the ethylene burning reaction and thus Increasing 
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the ethylene to EDC reaction selectivity. There is no comparable enhancen,em '"J^o^")^;* ^ 
C^a/Mg formula when compared with the Cu/Mg formula and the performance of the sodium-based 
catalysts were InfOTior to the Cu/Mg/K catalysts. 



Examples C11. C12. and 13 

A second set of catalyst compositions corresponding to Examples C10 C11 ^^^^'^^^l^^ 
conteining higher Mg and K additive levels. The impregnation technique employed was as descnbed supra. 
10 and the compositions had the following metal contents. 
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Ex. 


Metal Content of Composition 


Atomic Ratios in Composition 


No. 




. %• 














Cu 


Mg 


Na 


K 


Cu 


Mg 


Na 


K 


C11 


7.0 


1.60 






1.00 


0.60 






CI 2 


7.0 






2.58 


1.00 






0.60 


13 


7.0 


0.80 




1.29 


1.00 


0.30 




0.30 



% w/w based on the finished catalyst composition. 
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Examples CI 4, CIS and 16 
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Ex. 
No. 


Source of Catalyst 
Composition 


Feed Ratio 
C2H4:HCI:02 


% HCIFeed 
Conversion 


% Ethylene Reaction 
Selectivity 


Burning 
CO + CO2 


EDC 


C14 


ExCII (Cu/Mg) 


1.01:2.00:0.75 


98.0 


2.9 


iil 


CIS 


ExC12(Cu/K) 


1.01:2.00:0.75 


98.1 


3.6 


95.9 


16 


Ex 13 (Cu/Mg/K) 


1.01:2.00:0.75 


98.0 


2.6 


96.7 
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Claims 



1. oxychlorination catalyst composition comprising a of metalHc f^^^^^^^S^, 

therefor, wherein said mixture of metallic chlorides consists essentially of a mixture or coppe 

range oV^om 3 to 8% by weight based on the weight of ^-^^/^^ ^..^ contains a level of 

Voxychlorina^onca^hrjc-^^^^^^ 
magnesium within the range of from Of 3*by weigm ^ ^^i„g claims which contains a 

4. Oxychlorination catalyst «»'"P°^*°"«^^^.9 tetany o B ^ ^ 

level of potassium within the range of from to 3% oy weigm 

""^CChlorinaOon catalyst composWon according to any one of the preceding claims which provides a 
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•Cu:Mg:K atomic ratio of 1:0.1 to 1.0"0 1 to 1 0 

support^Ja^triC^ -V - Of ^ preceding c«n,s wHe.,„ the 

alumL"^*""*^"^"" composition according to claim 6 wherein the alumina is eta and/or gamma 

is Jrt!^ZVZ,T. °f to 1.2-dichloroethane in which the oxychlorination reaction 

inT sZS Zf w °r «""Positon comprising a mixture of me^lic chlorides S?S 

on a support therefor, wherem said mixture of metallic chlorides consists essentially of a mixture of coDoer 
chlonde. magnesium chloride, and potassium chloride '^'^ 

tevefof'S^!»w„1L^ *^ °''ychlorfnation catalyst composition employed contains a 

teve of ovper within the range of from 3 to 9% by weight based on the weight of the catalyJcomixi«. 

.Jl^T ^~°:*"? ^ ^'"^^^ « " » ^l^^'^'" ^ oxychlorination cTJystTrKton 
oTr SfaSr pU«or °' ^ .eight bas/d on~r°wl'K 

smJovJ^T^L«''«T'""? 1° °^ °' '^'^''^ ^ *° oxychlorination catalyst composition 

SSS^SSn *° '^^'Sht based on tie weigfS of tS 

«^ ]^ Process according to any one of claims 8 to 11 wherein the oxychlorination catalyst comoosition 
employed provides a Cu:IVIg:K atomic ratio of 1 :0.1 to 1 .0:0.1 to 1 .0. composition 
13. Process according to any one of claims 8 to 12 wherein the support material of the oxvchlorinaMon 
catalyst composition employed In the process is particulate alumina. oxychlonnabon 

is etl'an'irg^rSSn*: P-^- 

f J;d'b:ro^^Te^Sd*^z^;:^^^ "^"^ ' - ^ 
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